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SUMMARY 

Kinetic studies have been performed with crystalline dog- 
fish liver glutamate dehydrogenase with the diphosphopyri- 
dine nucleotides as cofactors. The kinetic constants for the 
various substrates have been determined. In its sensitivity 
to guanosine 5'-triphosphate, adenosine 5'-diphosphate, and 
excess reduced diphosphopyridine nucleotide the enzyme is 
similar to that derived from other vertebrates. The extent of 
inhibition of the initial rate of the aminating reaction by ex- 
cess reduced diphosphopyridine nucleotide was reduced by 
the presence c.f increased ammonium chloride in the reaction 
mixture. The effect is attributable to the chloride ion. A 
number of anions have been tested, and the order of their 
effectiveness in preventing inhibition by excess reduced 
coenzyme followed the Hofmeister series: C1O4- > SCN- > 
I- > Br- > C1- > F-. Peak effectiveness was observed at 
comparatively low concentrations of salts, varying from 0.045 
M C 1 0 ~  to 0.25 M C1-. Further increase in salt concentra- 
tion caused a progressive decrease in the rate of reaction. 
Concentrations of salts that were effective in preventing 
inhibition by excess reduced diphosphopyridine nucleotide 
were observed to depress activity at noninhibitory levels of 
coenzyme. Added salt does not affect the calculated maxi- 
mum velocity of the reaction but does increase the apparent 
K, for the diphosphopyridine nucleotide and effectively pre- 
vents inhibition at high concentrations of the cofactor. The 
presence of added salt minimized the regulatory influence of 
the nucleotides guanosine 5'-triphosphate and adenosine 
5'-diphosphate. 

dehjrdrogenase, in the presence of inhibitors and activators, are 
related to variations in the "associability" and "dissociabilitjr" 
of the enzyme in ultracentrifugal studies (1). There is some 
evidence that the same behavior may be characteristic of all 
glutanlate dehydrogenases of animal origin (2-4). In view of 
the finding that dogfish liver glutamate dehjdrogenase appeared 
to be incapable of any significant alteration in its sedinlentation 
rates, as studied in the ultracentrifuge (5), it seemed logical to 
explore further some of its kinetic characteristics. 

In particular, the effects of guanosine 5'-triphosphate, an 
inhibitor, adenosine 5'-dil1hosl1hate, an activator, and excess 
reduced diphosphopyridine nucleotide, n~hich also causes in- 
hibition, have been exanlined in this study. The strong qualita- 
tive similarities between the kinetic behavior of the dogfish 
enzyme and other animal glutanlate dehj~drogenases that have 
been described (5) serve to eml~hasize the lack of any correlation, 
in the case of the dogfish enzynle, between kinetic behavior and 
sedimentation characteristics. 

In addition, anlnlonium chloride and anlnlonium acetate have 
been compared as substrates for glutanlate dehydrogenase, and 
investigations have been carried out on the effects of added 
salts on the kinetic paranleters of the enzymatic reaction with 
the diphosl~hopyridine nucleotides as cofactors. 

MATERIALS 

Glutanlate was purchased as the nlonosodiun~ salt from 
Nuti.itiona1 Biochemicals, and a-ketoglutarate (Grade A) from 
Calbiochenl. Nucleotides were obtained from the P-L Labora- 
tories or Sigma. All other chemicals used were reagent grade 
from Fisher. Anlmonium acetate, which is very deliquescent, 
was kept in a vacuunl desiccator and weighed out quickly when 
needed. 

There is considerable published evidence supporting the hy- The preparation of enzjTnles used in these studies has been 

pothesis that vai~iations in the activity of beef liver glutamate previously described (5). 
Investigations of the dogfish enzyme were greatly facilitated 
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other respects to glutaillate tlehytlrogenasea tlerivetl from other 
animal sourcw. Si11t.e such a himilarity hacl already been 
established in the report (5) nit,ll the TPNfs as co- 
cnzynles, it see~ned n-orthwliile to al~l~raise  some of the enzyme's 
kinetic. characteristics 1vit11 the I)PS+s as coenxyllles. 

Fig. 1 ,  a reciprocal plot of activity against DPN' concentra- 
tion, reveals the activation a t  high concentrations of DPKf t<hat 
has been founcl to be characteristic of the glutanlate clehydrogen- 
ases described in the literature. The solid line of the graph has 
I ~ e e ~ i  calculated with the use of the eqi~atioil proposed by Frieden 
(6) for a mechanism that  involves the binding of excess DPN+ to 
a site on the enzyme in adc1it)ion to the active site. The DPN+ 
bound in this way is held to  he resl)onsible for the activation that  
is obser\~ecI. 

The kinetic constants for DPN+ in tl:e precence of 0.05 &I gluta- 
inate are as follows. 

K ,  = 1.2 X 10-"1 

T7,/E0 = 5.72 fin~oles of D P S r  per niiii per mg of enzynle 

K~ = 2.4 x 104  31 

I'z/Eo = 10 Fmoles of DPN+ per nlin per ~ n g  of enzyme 

The cleterlllination of tlie R,,, for glutaillate is graphically 
depicted in Fig. 2. I n  the presence of 1.9 X 11 DPN+, the 
values for tlie kinetic constants for glutamate are 

K = 2.5 X 31 

T',,, = 6 pnioles of DPKf per niin per mg 

FIG. 2. Double reciprocal plot of activity with respect to  
glutanlate concentration. The esperinieilts were performed in 
0.01 ar Tris-acetate buffer, pH 8.0, containing a~ EDTA. The 
final concentration of UPNf Ttras 1.9 X lo-' as and the reaction mas 
initiated by the addition of enzjTme. 

FIG. 3. The effect of increasing conceiitratioiis of ammonium 
chloride on DPNH inhibition of dogfish glutamate dehydrogenase. 
The experiments were performed in 0.01 ax Tris-acetate buffer, pH 
8.0, co~itainiilg 15 EDTA. The final coilcentratio~l of a-keto- 
glutarate was 5 X as. The concentrations of DPNT1 and 
animoiiiuni chloride mere as indicated. The reaction was ini- 
tiated by the addition of the enzyme. The velocities represent 
the iiurnber of nlicronloles of IIPNH oxidized per mill per nig. 

FIG. 1. Double reciprocal plot of velocity with respect to  
IIPNT concentrat~on. Experiments were performed in 0.01 ~r 
Tris-acetate buffer, pH 8.0, containing a1 EDTA. The final 
conceiitration of glutarnate n a s  0 05 \i and the reactioiis were 
initiated by the add~tioii of eneytue Velocity represents the 
number of ~nicronloles of DPN+ per illin per mg of enzyme The 
~ o l l t l  l tne  n a s  calcalated nit11 the use of the equation 

Evaluation of the kinetic constants for t>he reductive reactio~l 
was nlacle nlore coi~~l~l icated 113' the preliminary observation that  
increasing quantities of a ~ ~ ~ r n o n i u n i  chloride tel~clecl to reverse 
the inhibition normally encouiltered a t  high levels of DPNH.  
This is shown in Fig. 3 for dogfish glutanlate clehydrogenase, 
although t>he initial observation had l~een lllacle with the enzyme 
froill chicken liver in a sinlilar set of esperiments. The data 
shown in Fig. 3 suggested that aminoiliuin or chloride ion, or 
I~otll, were inhibitory a t  low conce~~tratiolls of DPNH but all- 
pearecl to activate at  high concelltratious ot' DPNH.  These 
po~sibilit~ies yrompted the conil~arison of a ~ ~ ~ i i l o i ~ i u i l ~  chloride 
with a r n ~ l ~ o ~ l i u ~ l ~  acetate as substrates a t  varying D P N H  con- 
cent,rations. The res~tlts of such a study are 1)resentecl in Fig. 4. 
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FIG. 4. A ,  double reciprocal plots of velocity at various IIPNH 
co~lce~rtratio~ls in the presence of ammonium chloride and am- 
~llo~liuiil acetate. Reactio~l co~lditio~ls mere the same as described 
for previous figures. B, a replot of the data of A to enable a 
clearer conlparisoil of these substrates at high DPNH concentra- 
tions. The solid lines in both A and B have been calculated with 
the ecluation 

0 = 
I DPNH 

I+-+-- DPNH Kz 

See test for a consideration of the lack of coilfofinity with the 
ecluatioil at "high" DPNI-I concentratio~is. 

The solid liwes have heell calculated fronl the same equation as 
t,hat usecl for t,he calculat~ion of t,he DPN+ constants. I11 this 
instance, hornever, the equation has been simplified by the 
assumption t,llat the binding of a 2nd nlolecule a t  the inhibitory 
site on the enzyme leacls to an essentially inactjive complex; that 
is, T'. is taken to he 0 in analogy with the st,udy of the frog liver 
enzyme (3). Thcler these eirc.~ullstances the equation \Tas 
simplified to 

21 = 
I<, DPNH 

l + m + ~  

Froill the nlechanis~ll l)rol)o.ced and the clerivat,ion of the eqtlation 
that follows from it, it tan he seen that I < ,  rellresents a Briggs- 
Haldane constant that inclutles the dissociation coilsta,llt for the 
artive comples, as well as tlte kinet,ic constailt for its breaktlo\vn 
to ~~rocluct. ZC2, on the other hand, represents solely the clis- 
~ociat~ioil constailt for the inactjive eilzjril~e-coenzjri~le complex. 
Thus the value of T i l  detei~mined in t,llis fashion provicle~ no 
insight into the affinity of the enzyme for the coenzyille a t  the 
active site and actually appears to exceed the value obt,aiiled for 
Rz. When aillnlonium acetate was used as the substrate, t)l~ese 
constants had the following values. 

When alni~loiliunl chloride mas usecl as tile substrate, the kinetic 
constailts for D P N H  were soillewhat different. 

K1 = 15 X nr; K:! = 5.5 X 10-5 hr 

Interestingly enough, in either case the ~nasinluill velocity 
remained constant a t  71.5 pilloles of D P N H  osidized per inin 
per nlg of enzyme. 

In order to evaluate illore clearly the effects of high D P N H  
co~lcentration the clata of Fig. 4;1 have been replotted in Fig. 
4B as the reciprocal velocity against substrate concentration. If 
Equation 2 is valid, the tern1 K 1 / D P N H  would be expected to 
become less significant \vitll increasing substrate concentration, 
a i d  the data, as sllo~~rn, indicate this to be the case. The effect 
is more 1~ro110~11ced with aillnloiliuill acetate than it is wit11 
anlnloniuill chloride. hiloreover, it mould appear that there is 
a limit to the extent of D P N H  inhibition, although this is not 
apparent when the chloricte ion is present. Thus it may not be 
a t  all proper to assume that TTz/Eo = 0, as has been done, but 
rather soille very sillall finite value. In essence, Rz mould still 
represent a dissociation constant. I t  is also clear fro111 these 
results that an increase in the concentration of arn~lloniliill 
acetate (0.03 to 0.1 ar) has little effect, mhereas the presence of 
the chloride salt has a illarked effect on the ainount of D P K H  
required to achieve peak inhibition. 

Since the data sho~iln in Fig. 4 had teen obtained a t  0.03 nr - 

anlnloniuln acetate and a t  0.1 ar ainllloiliuill chloride, it nas 
necessary to she\\- that the cardinal difference betmeell the5e 
two, in terills of D P N H  kinetics, mas not attributable to the 
increa5ed aillnloniunl ion concentration alone. To this end a 
range of anlmolliunl acetate coilcentrations has been studied a t  
fixed levels of D P N H  and a-ketoglutarate, 1.2 x lop4 ar ailcl 
5 x lop3 nr, respectively, in the presence and absence of aclcled 
salt. As is sl~omil in Fig. 4-4, increasing the coilcentration of 
ail~lllolliunl acetate froill 0.03 ar to 0.1 ar very defiilitely did not 
overcolne the inhibition caused by escess D P N H .  The maxi- 
~lluill velocity achieved ill the esperiments, represented by 
Fig. 5 ,  was lilnited by the inhibitory alllou~lt of D P N H  present 
(cj. Fig. 2). hiloreover, the aillrnoiliulll ion itself produced sonle 
substrate inhibition at concentrations above 0.02 sr. Inasnluch 
as added sodiunl acetate, up to 0.2 nr, simply decreased tlle 
reaction velocity further, the iilfltleilce of ainnloiliu~n chloritle 
ah substrate on the kinetic constallts for D P X H  illust be directly 
attnbutahle to the l~reience of the chlo~~tle anion. Simllar 
~rynlt\ ha.vr been ohtailled IT it11 chickell and bccf lii cr glutanlate 
clelly~irogenase~ an ~ndic~ation that this behavior ii not l~ec~ul~ai 
to the dogfish enzyme. I t  ih alxo apparent froin Fig. 5 that tlle 
adtiition of salt has not only overcome the inhibition by excess 
DPNH but also that procluced by excess a~lllllo~liuix ioil. Again, 
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the ma\imum velocity l i a ~  rci~raincltl ~maffeiatrtl 11y adtletl .alt, 
although the apparent I<,>, tor the bubbtrate ha\ been changeil 
I t  i. ot ii1tere-d that ,  in the 1jre.enc.e ot addetl .alt, tlle alq~arent 
R,,, f o ~  annnoilirim acetate al~l~roache-- 0.08 v, t h r  vallie iel~ortccl 
in the lIre\riotii paper 1~11e11 TPSH IT as u\etl as tlle coenzyme foi 
the reaction. 

The e~~alua t ion  of the l I ichael~\  con.tant for a-ketoglutarate 
is nlatle difficult l~ecauie of the inhihitioi~ enrountered a t  high 
levels of aillilloiliu~ll acetate ancl DPNH.  As shown by the 
data in Fig. 6, a t  low levels of alllilloiliurn acetate and a t  a fisecl 
inhibitory coilcelltratioll of DPNH,  although the ~llasiillu~ll 
velocity mas liillitecl by the D P N H  present, the A/lichaelis 
collstallt for a-ketoglutarate was very lo~v (5 X lo-' XI). At a 
higher collceiltratio~l (0.1 JI), amillolliuil~ acetate inhihitioll 
causecl a marked increase in the a-ketoglutarate constant. 
IVl~en, ho~irever, the saille concentration (0.1 ar) of alllillolliuil~ 
rhloride was wed, it  l~ecame alq~arent  that  the inhibition by 
both a~lltllollil~lll ion and D P N H  had beell reversed. TTncler 
these circulllstailces the R,,, for a-ketoglutarate mas foulld to be 
the same as  tha t  observed ~~11e11 the reaction had been studied 
with T P N H  (4.5 x 31). The data presented in Fig. 7 
were obtained a t  a low, fixed concentration of a~llillolliuill 

S a l t )  

I / [Ammonium Acetate]  M- '  

FIG. 5. The effect of added salt on the R,,, for an~monitun ace- 
tate. Tlle final concentratioil of DPNII nras 1.2 X lo-' ar. A11 
other conditions were as previously described, except for the con- 
centrations of aclded salts as indicated: 0, no added salt;  @ ,  
$0.2 ar KaBr; A ,  f0.15 ar NaCl. 

FIG. 6. Compariso~l of the effects of aillnlo~litiln acetate alltl 
amnloiiitml cl~loritle 011 lriijetics of a-lretoglt~tarate (at high J>PNH 
coi~ceiit.ration, 1.2 X 10-.I l r ) ,  0.01 XI Tris-acetate (1311 8), 1 0 - h i  
EDTA. 

FIG. 7. Double reciprocal plots of a-ketoglutarate concentra- 
tion with respect to  activity at a fixed, lox\- concentration of am- 
nloiliunl acetate (0.03 ni) and at  various constant levels of DPNH: 
A ,  1 x 10-s nr; B, 1.5 x 10-5 LI; C, 2 x 10-5 M ;  D ,  2.5 x 10-5 L r ;  E ,  
the extrapolated line for an infiilite coi~centratioll of DPNH. 
Other conditions \\.ere as previously described. 

TABLE I 
Szoi~ii~crry of k inet ic  coizsfc~i~ts  for (log,fish glutninctfe rleilydrogeilrrse 

101 ill DP,\'+ 

I Constants 

2.5 X ar 
1 .2  X ar 
2.4 x nr 
32 moles of DPN+ per mole of 

enzyme per sec 
57 ~noles of DPNf per mole of 

eilzyme per sec 

TABLE I1 
Sloiliizarg of kinetic constai~ts  for (1ogji;fish gltrtniitate dehydrogeilcrse 

toith DPNH 

I Constants 

/ Ammonium chloride / Ammonium acetate 

1 .  4 X ar 
5.0 X lo-' ar 
4.5 X 10-5 nr 
2.0 X lo-: ar 

400 moles of DPNTl 
per mole of ell- 
zgme per sec 

acetate (0.03 \I) ancl a t  ieveral coilitailt lereli of DI'NH .It 
t h ~ i  concentrat~on of arn~nonl~tm acetate, the l \ i~chae l~ i  con5tanti 
tor a-hetoglutarate and IIPSH aljpear to be ~ntlepenclent of 
each other Thii ialllc ~jhenomcnon occur~etl n ~ t h  beef Ii.ier 
~ l l ~ t a m a t r  tle11ydrogrna.e (7) IT llcil TPNH had Ijrcn u-etl a i  the 
coenzyme tor the ~caction 011 the a \ iu ln l~ t~on  that  tile mec~h- 
a1n.m 1)iol)obetl 1,) Filedei~ 15 collect, IL ~\oul t l  lollo~\ that the 
a i l l i ~ l o i l ~ ~ ~ ~ l l  1011 I:, a150 the ieconcl wbstrate in the seyuent~al 
o~t ler  ot adtlition oi \rth.trate\ to the  enzyme^ nhen  I)PXH 1s 
user1 
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FIG. 8. N011com~)etitive nattlre of the inhibition by GTP. Es-  
perintents \\.ere performed in 0.01 Ar Tris-acetate buffer, pH 8.0, 
contai~ling ai EDTA. The final concentration of DPNH mas 
1.2 X 10-4 11, of ammoniuiu chloride was 0.1 nr, and of a-ketoglu- 
tarate and GTP as indicated. 

ontrol ( CH3COONb14) 

FIG. 9. Effect of added salt on GTP and IIPKH inhibition of 
dogfish glt~tamate dehydrogenase ~~it1-1 ammonium acetate as sub- 
strate. Esperinlents were perfor~ned in 0.01 nr Tris-acetate buffer, 
pH 8.0, containing 10-"1 EDTA. The final concelltration of 
a-ketoglntarate was 5 X h i ,  of a~nmonium acetate was 0.1 nt, 
and of other reactants as indicated. The velocities reported 
represent the l~unlber of rtlicronloles of DPNH per min per mg of 
eilzyine. 

The kinetic coilstailts that  h a ~ e  I ~ e n  evaluated to this point 
are summarized in Tables I aild 11. They clearly show that 
there is a consiclera1.1le differei~ce bet~veen t'he constants, de- 
ljeilcling oil the presence or abseilce of the chloride anion. 

In  analogy \\-it12 the other glt~taillatr tlehyilrogenases that 
have heen stjucIiecl, Fig. S reveals that  GTI' is a noncomyetitire 
inhibitor with respect to or-ketoglutarate in the dogfish system. 
I t  thus appears that  G T P  must bind to the enzyme a t  a site 
other than the act'ive site. The effects of aclcleil G T P  as a 
function of increasing concentrations of DPKH,  n-ith aiililloiliurn 

acetate ant1 ailnnonium chloritle as substrates, respectively, are 
shonn in Figs. 9 ant1 10; GTI' was a Illore cffectire iilltibitor in 
the l ~ r c ~ c n c c  of ammoiliuil~ acetate than \vllei1 aini~loililiill 
ohloricle \\-as usctl. I n  fact, tn.ice as much CTI' was needetl to 
l~rotluce the saluc dcgrcc of inhil~ition with ammonium chloride 
as huhstrate. The chloride ailion as part of the added sulwtrate 
partially rclierecl the irthihition caused by GTP. This call bc 
seen illore clearly upon the adclitioil of more salt ~vhich, in both 
instances, clearly reversecl t,lle inhibition by GTP, as \\-ell as 
that  caused by iilcreasiilg D P K H  concei~t~rations. It Ivas also 
al~parent  froill t h e ~ e  data t,llat a t  low coilceiltrations of D P N H  
the acldit~ioil of salt cau~ecl seine inhibition. 

4 0 

30 +0.3M N a C l  

> 20 

10 

+ 4 X I O - ~ M  GTP 

5 10 15 20 25 

[DPNH] M x lo5 

FIG. 10. Effect of added salt on GTP and DPNH inhibition of 
dogfish glutamate dehgdrogeilase with ammonium chloride as 
sttbstrate. The same conditions were follo\ved as described in the 
legend for Fig. 9, except for the use of ammoniuin chloride as sub- 
strate. 

CH,COONH4 +4.5 X I O - ~ M  GTP 

0 .5  

0 . 4  

0 . 3  
> 
\ - 

0 . 2  
CH3COONH4 Control 

5 10 15 2 0 

[DPNH] (M x lo5 1 

FIG. 11. Reciprocal velocity n it11 respect to increasing DPKH 
coi~centration in the presence of GTP,  illustrating the differelice 
between a~nmotlium acetate and ainntoilirlrll chloride as sub- 
strates. The esperinlental conclitiorls \\ere the same as those de- 
scribed for Figs. 9 and 10. 
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TYheii sollie of the data of Figs. 9 ant1 10 \\-ere replottcd as 
reciprocal 1-elocily against increasiilg IjI'SH concentrations, 
as she\\-11 in Fig. 11, oil? call see that  the effect of GTP,  far more 
~)ronouncetl when aillnloiliunl acetate is the sul~strate, is partly 
aaalogous to that shon-n in Fig. 4B, \\-hen the ailiilloi~iuiu acetate 
collceiltratioi~ !\-as increased from 0.03 a1 to 0.1 ar; that is to say, 
in the presence of GTP,  the inhibitory liinit of substrate I3PKH 
is reached a t  a lower concentration. hloreorer, tlie liiliit of 
D P N H  inhibit~ion occ~ured a t  a lower coi~cei~t~ratioi~ of this 
~ u b s t ~ r a t e  as t'lie G T P  concent~ratioil increased, eve11 in the 
presence of amil~oilium chloride. 

The effect of ADP on the kinetics for D P N H  is illustrated in 
Fig. 12. The activation that  has heell observed with glutamate 
dehgdrogenases froill several sources is apparently true for the 
dogfish enzyme a s  well. The dashed l i ~ ~ e  represents a n  estrap- 
elation froin collcei~tratioils of D P N H  considerably lower t h a ~ l  
t,hose encompassed by the range shon~n on the crbscisscc of the 
graph. At higher concentrations, as  has been s l i o ~ ~ ~ n  above, 
D P N H  is inhibitory. At  relatively low D P N H  coilcelltratioi~s 
the observed activity wit>h ADP, although greater, parallels the 
estrapolated coi~trol values, so that  it  call be said that XDP, a t  
these concentrations, exhibits "uncoillpetitire" kinetic behavior 
~vitll respect to  DPNH,  as observed mit>h beef liver glutamate 
dehydrogenase 113~ Friedcll (1). At  higher D P N H  coilcentratiolls 
t,he activation induced by  the presence of ADP mas largely over- 
come, and the velocity rapidly fell because of D P X H  inhibition. 
Again, aclclecl salt clearly reversed the acti~ratioil by ADP, but  
salt alone did not alter the estrapolatecl lllaxinluill velocity. 

To  appraise the illfluetlce of different anions on the reductive 
aillii~atioll of a-ketoglutarate, the experiments represented by  
Fig. 13 mere ~~er for i l~ed .  They were cloi~e a t  inhibitory concen- 
trations of both D P N H  (1.2 x 10-GI) ancl a i ~ ~ i i l o i ~ i u ~ ~ i  acetate 
(0.1 11) in order to magnify the difference aillong the anions. 
The order of effectiveness of these ailions in relieving the inhi- 
bition was C104- > SCN- > I- > Br- > C1-. At the present 

N~B~/J /+O.~M N a B r  
I /r/ / + 5 x 1 0 - ~ ~  A D P  

trol 

FIG. 12. Coiiiparisoii of the effects of added salt or ADP or both 
oli t lie lci~letics of UPS13 t 11r1iover by dogfish glut anli~te delly- 
tlroge~iase. l<scept. nherr i~itlic~atetl, the esperimelrtal conditions 
were as previously descril)ecl. The extrapolated co~itrol line was 
derived from data obtaineti at considerably loll-er concei~irations 
of IjPNH. I11 t lie concellt rat ion range encompassecl 11y the 
ctbscisscr valries of this figure there \\.ol~lcl 11e ~iiarlced inhihitioi~ by 
UPSII .  

Sa l t  Concentrat ion ( M I  

FIG. 13. Effect of increasing concentratiolls of various ailions on 
reductive reaction of dogfish glutamate dehydrogenase. 

The reaction mixture coilsisted of 1 X 10-"nr DPNH, 0.1 ar am- 
moiliunl acetate, 0.01 ~i a-ltetoglutarate, and salts as  indicated, in 
0.01 nr Tris-acetate buffer, pH 8.0, contaiiliilg R.I EDTA. The 
reactioil v a s  initiated by the addition of enzyme. 

time, i t  appears that  fluoride is consicleral~ly less effective than 
chloride. The same order of effectiveness of the various ailioils 
has been found for the enzymes froill beef and chicken livers. 

DISCUSSION 

The dogfish gluta,il~ate dehydrogenase is a i~o i l~a lo t~s  ailiollg the 
glutamate dehydrogenases of ailiiual origii~ that  have heell 
studied because of its demonstrable inability t o  associate or 
dissociate to  any significant extent in ultracentrifugal studies 
l~erfori~ied a t  high aild low co~lcelltratio~ls in t>he presence of 
acldecl modifiers. However, its kinetic behavior under all the 
conditions inr~estigated has been strikiilgly siinilar to t,llat of 
other allillla1 glutaillate clehgdrogenases. This in no way cleaies 
t,he invocation of confornlatiol~al chaiiges to  esplain tlie altered 
enzymatic activity in the presence of various modifiers. Hen-- 
ever, i t  does indicate that col~foriliatio~~al changes of the clogfish 
enzyme, if they (lo occur, are not reflected in changes detectable 
by sediillelltatioi~ studies, and also that  aggregation is not 
esseiltial for the action of the nucleoticles. 

I t  has become increasingly clear during the course of these 
stltdies that  the use of a i~~iuoi l iui~i  chloride as substrate a t  the 
coilcellt,rations commonly used (0.1 ar or more) distorts the 
kinetic picture. This is of soille importance since ainluoiiiuill 
chloride has been the substrate of choice in iliost studies of 
glutamate cleh~~drogenases, \\-hatever their source. Olsol~ and 
Anfinsen (8) in their ~irork on beef liver glutaillate deliytlrogenase 
noted the inhibitory effect of re1at)ivel-y liigll (1.5 11) concentra- 
tions of ammonimn chloride. They were iilcliiled to attribute 
the iilactiratioi~ of the enzyme to the ionic st,rength of the so- 
lution. Siloke (9) in his study of chicken liver glutamate 
tlcl~yclrogei~ase oljservcd inhibition of the osi t la t i~e tlcailiinatio~l 
rc~actioii 11y scwral salts. He shon-rtl that it occurretl a t  rrla- 
tirely low levels of salts (0.1 to 0.3 ~ i )  ant1 \\-as not related to 
ionic strength. 

A recent stlltly (10) coml~aring the activities of glutamate 
tlehydrogetlases fro111 1011ster 111t1scle, crab muscle, ant1 11ecf 
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liver, in tllc 1)rescnce of various salts, rcljortcd a lllarkcd acti- 
vation of retlucti\-e aninlatio~l 1)y the 1,eef liver enxyine upon the 
atltlitio~l of chloritle or *st~lfatc ions ant1 infiil~ition 11y adtlctl 
nitrate. The same eft'cct is oljsei,vetl \\-it11 the chicken and clog- 
fish liver glutanlate tlehytlrogei~ases. However, from the clata 
]trcsented here, it is a l~ l~aren t  that  added salt does aot alter the 
ixlasimum velocity of the reaction (DPNH -* Dl'S+). There- 
fore, i t  may be misleading to speak of "act,iration" under 
circtu~l~stances in w11ic.h the enzyme is inllibitecl by  both excess 
IIPNH and ammoni~uil~ acetate. i\Ioreover, as has been shown 
in Figs. 10 and 11, a t  lo\\-, noninhibitory levels of DPNH, adtlecl 
salt causes a substantial reduction of activity, which is partic- 
ularly noticeable n-hen amil~oni~ulll~ acetate is used as substrate. 

The presence of salt exerts a st,ahilizing effect on solutions of 
beef liver glutanlate clehyclrogenase (11). In  addition, it  
clearly protects the dogfish enzyme against the influence of the 
three inodifiers esa~l~i i led in t'llis stucly, escess DPNH, ADP, 
and GTP. These observations, plus t'he ready reversihility of 
the salt effect and the order of effectiveness of the anions, ~ - h i c l ~  
is directly analogous to that  observed by Robinson and Jencks 
(12) for a model peptide, strongly suggest that the effect of the 
salt is exerted directly on the protein. 

'I'hc conccntratioll\ of . a h  u5etl ale llot iilco~nltatlble ui th  
l y i o ~ i l  o l t i  Thu. t h c ~  fintl~ag-. may I)e of yome 
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